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INTRODUCTION

In order to achieve the maximum progress in research on the physi-
ology of guayule (Parthenium argentatum A. Gray) it is imperative

! Submitted for publication January 3, 1946.
2 Credit is due Beatrice K. Dewald, main scientific aide, for assistance in the
laboratory.
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to have rapid methods for the determination of rubber and “resins”
as well as the already available rapid analytical procedures for the
other plant constituents. In this bulletin are described new, rapid
photometric methods for the analysis of rubber and resins in small
samples of guayule and of rubber in tissues of other plants and in crude-
rubber products.

The classical method of Spence and Caldwell (5)*is commonly used
for the determination of rubber and resins in plant tissue. Duplicate
5-gm. samples are used. Water solubles are first removed by boiling in
1-percent sulfuric acid for 3 hours; the extract is then autoclaved for
3 hours and leached for 3 hours. The samples are next extracted in a
reflux-type apparatus with acetone for 12 hours to obtain the acetone
extract; finally they are extracted with benzene in the same type of
apparatus for at least 16 hours. After 5 ml. of a 0.1-percent solution
of dimethyl-p-phenylenediamine has been added to the benzene ex-
tract, the benzene is evaporated and the rubber is weighed.

Employees of the Intercontinental Rubber Co.® and of the Eastern
Research Laboratory, Bureau of Agricultural and Industrial Chem-
istry,® and Holmes and Haasis ” have used modified Spence-Caldwell
procedures.

According to the Holmes-Haasis modification, which is used in cer-
tain comparisons discussed in this bulletin, the size of the sample is
reduced to 3 to 4 gm.; water solubles are extracted by 2-percent (in-
stead of 1-percent) sulfuric acid for 114 hours (instead of 3) ; the sub-
sequent autoclaving is for 114 hours (instead of 3) and the leaching for
1 hour (instead 0%3). Samples are then extracted for 8 hours (in-
stead of 12) with acetone in a reflux-type apparatus to obtain the ace-
tone extract; they are finally extracted in the same type of apparatus
for 16 hours with benzene. After 1 ml. of a 0.6-percent solution of
phenyl-a-naphthylamine (instead of 5 ml. of a 0.1-percent solution of
dimethyl-p-phenylenediamine) has been added to the benzene extract,
the benzene is evaporated and the rubber weighed. This modified
Spence-Caldwell method is referred to in the comparisons with the
present method.®

* The term “resins” as used herein refers to the portion of the acetone or acetonyl-
acetone-cellosolve 3-7 extract of guayule tissue that is precipitated by 0.5-percent
H,S0, in H:0. This precipitate represents a mixture of several substances. An
inventory of what is known about this fraction is given on page 29. From a physi-
ological standpoint this fraction is considered at present as an approximate meas-
ure of the contents of the “resin” canals and any “resins” that may be included in
the cells. The word “resins” without quotation marks is used in the text in this
sense.

*Italic numbers in parentheses refer to Literature Cited, p. 37.

® Information in the files of the Salinas division, Intercontinental Rubber Co.,
now the property of the U. S. Department of Agriculture.

¢ ANALYTICAL SECTION, EASTERN REGIONAL ILABORATORY. PROCEDURES FOR THE
ANALYS1S OF RUBBER-BEARING PLANTS AND THEIR DERIVED PRODUCTS. [Unpublished.]

"HorLMES, R. L., and HaAsts, F. W. NOTES ON THE SPENCE-CALDWELL METHOD OF
RUBBER ANALYSIS. Bur. Plant Indus., Soils, and Agr. Engin., Spec. Guayule Res.
Proj. Rpt. [Unpublished.]

® Credit is due R. L. Holmes, F. W. Haasis, and their assistants in the rubber
laboratory, Special Guayule Research Project, Salinas, Calif., for making the
rubber and resins determinations by the modified Spence-Caldwell method for use
in the comparisons recorded.

N,
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Cox® proposed a turbidimetric method for rubber analysis. Ac-
cording to this procedure, 5 gm. of ground material is extracted with
100 ml. of benzene for 15 minutes in a Waring blender or with constant
shaking; the supernatant liquid is clarified by centrifuging and is
made up to a 100-ml. volume. The rubber in 5-ml. aliquots is precip-
itated by the addition of 1 ml. of carbon tetrachloride plus 20 ml. of
acetone. Rubber is determined turbidimetrically on aliquots of the
extract in a Fisher 155-volt a. c. model electrophotometer fitted with
a 525 B green filter. Jones and Wildman *° proposed a modified form
of the Cox method: 0.3-gm. samples of the ground material are
extracted overnight with 10 ml. of benzene; the extract is clarified by
centrifuging and decanted into a 25-ml. volumetric flask, and the
residue is extracted three additional times with 5-ml. portions of
benzene ; in each case centrifuging and decanting of the liquid, which
is added to the original extract, follow. After the extract is made
up to a 25-ml. volume, 3-ml. aliquots are pipetted into 5 ml. of acetone
in test-tube cuvettes; the resulting rubber suspension is mixed, and
the amount of rubber is determined by the reading of scattered light
on a Coleman electronic photofluorometer.

The above-mentioned procedures for rubber analysis were tested in
the writer’s laboratory but did not give precise and accurate results
apparently because of the nature of the rubber solvents and precip-
itants used, the errors caused by extraneous color in the extracts, and
the failure to control sufficiently the change in the photometric read-
ings of rubber in colloidal solution on standing.

Apparently no photometric method for resins analysis in plant
tissue has been reported.

The present photometric methods for analysis of rubber and resins
are based on the following principles: (1) Grinding the properly
dried tissues to the required degree of fineness to permit quantitative
extraction of rubber or resins; (2) using oxygenated solvents with
relatively high boiling points (115.8° t0'230.7° C.), alone or in mixture,
that permit the rapid extraction of rubber or resins in 20 to 80
minutes at relatively high temperatures (115° to 120°); (3) precip-
itating the rubber or resins from aliquots of the solutions by means
of suitable precipitants; (4) making photometric readings of per-
centage of light transmittance after rubber or resins precipitation at
a wave length that eliminates the error due to extraneous color (the
determination relying on the development of a uniform turbidity
(7, pp. 1-2) rather than a color for purposes of analysis) ; (5) securing
this uniform turbidity, or required degree of precision, by making the
photometric readings at standing times that are based on the concen-
tration of rubber or resins precipitated. (The relation of concentra-
tion of precipitated rubber or resins to stability of photometric read-
ings is developed in detail on pages 24 to 25.)

In rubber analysis the use of the oxygenated solvents with higher
boiling points eliminates the use of the highly volatile and toxic ben-

°Cox, L. C. A TURBIDIMETRIC METHOD FOR THE ANALYSIS OF PLANT MATERIALS
FOR RUBBER. Rubber Reserve Corp Rpt. [Unpublished.]
* Jongs, B. J., and WILDMAN, S. G. A RAPID, SEMI-MICRO METHOD FOR THE ANAL-
- YSIS OF RUBBER IN PLANT MATERIAL. Bur. Plant Indus., Soils, and Agr. Engin.,
- Div. Rubber Plant Invest. Rpt. [Unpublished.] : . :
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zene. The solvent, methyl isobutyl ketone, on which most of the
experimental work with the rubber method is based, is reported as
nontoxic (9). .

In physiological experiments, the amount of available material is
often very low and rubber percentages below 1 percent are not uncom-
mon. Hence the need for methods equally accurate for all ranges of
rubber contents and requiring a minimum of plant material is evident.
It is believed that the methods described on pages 4 to 16 meet these
specifications. In addition, the procedures described there are rela-
tively rapid. .

Although these methods were developed primarily for use in
research on guayule physiology they have wider application. They
have been used in routine guayule rubber and resins analysis on an
equal basis with the modified Spence-Caldwell method in the general
rubber laboratory, Special Guayule Research Project, since August
1943. They should also be of value in determining rubber and resins
in guayule breeding material and in other studies for which plant
material is limited

PROCEDURES
PREPARATION OF SAMPLES

The details of preparation of the tissue samples are kept constant
throughout any particular research project. When portions of the
same samples are taken for chemical analyses besides rubber and resins,
the plant parts are dried without pretreatment. Whether separate
samples are taken for the other analyses or the sole purpose is obtain-
ing an estimate of the total rubber and resins, the plants, or plant parts
are placed in boiling water for 8 minutes (parboiled)," and any leaves
still adhering to the stems are removed by tapping on a table top.

The plants or plant parts are subsequently coarsely ground in a
Wiley or other suitable mill and dried to 5 percent or less moisture in
a mechanical convection oven at 65° C. before the final grinding. A
drying period of at least 24 hours is required. The dried tissue is
then ground in a hammer mill (4) until it passes through a 2- or 2.5-
mm. screen. The mill is provided with a ground wire to remove static
electricity from the sample. Between samples it is cleaned thoroughly
by blowing with compressed air.

The ground samples are stored in airtight containers. Wide-mouth
bottles with metal or plastic screw tops are most convenient for this
purpose.

Since the results in most physiological experiments are expressed
on the basis of the dry weight of the original sample dried to constant:
weight at 100° C., it 1s desirable to express the final rubber and resins
contents on the same basis. A correction factor is therefore deter-
mined on the finely ground, thoroughly mixed sample by drying small
duplicate subsamples (1 to 2 gm.) for 8 hours at 100° in an ordinary

1 The practice of parboiling guayule shrub for removal of leaves was developed
by employees of the Intercontinental Rubber Co. (L. M. Caldwell, Experiment
S-249, Sept. 15, 1928) and also applied by other employees in latér years. This
was ascertained from the files of the Intercontinental Rubber Co., now the prop-
erty of the U. 8. Department of Agriculture.
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drying oven. When the samples are very small, minimum amounts
of tissue in very small weighing bottles (3.5 cm. hlgh and 2.2 cm. in
diameter) are used to conserve tissue. The samples for analysis are
then weighed out on the basis of constant dry weight at 100° by using
the factor for moisture correction.

REAGENTS FOR RUBBER ANALYSIS

In a number of cases in this section and the one on Reagents for
Resins Analysis technical-grade chemicals, which were the best obtain-
able during the war perlod are indicated. These proved adequate, but
when better grades are ¢ avitilable they can be checked to determine any
advantages of substituting c. p. grades. The rubber and resins solvents
are’ kept in glass-stopper od Dottles.

Solvents.—Methyl isobutyl ketone, technical-grade, Carbon & Carbide Chem-
icals Corp., is entirely satisfactory for natural rubber. It is reported as appar-
ently nontoxic (9). Although it has the characteristic ketone odor, this is less
pronounced than that of other ketones. Constants for this and other rubber
solvents are given in table 1.

TABLE 1.—Properties of sclected rubber and resins solvents completely soluble
in 95-percent ethanol

Solubility (re-

Boil- lation to weight
iqgt Flash S(f)lubilitly at 20° C.)
poin: ash | of unvul-
Solvent Formula (760 | point | canized
mm. rubber Sol- | Water
Hg) vent in | in sol-
water | vent
Rubber solvents: °C. °C. Pct. Pet.
Benzene ! ___________ | CeHp. oo 80.1 | 11.0.| Soluble._..| 0.08 |---...-
Methyl isobutyl ke- (CH:{)ZCHCH2C OCH3. _._..____.__ 115.8 | 23.9 |-..do-___.__ .2 2.2
one.
Methyln-amyl ketone | CH;CH:CH:CH;CH;COCHj..___. 150. 6 3 1.5
Diisobutyl ketone.__ __ (CHg)zCHCHacO(‘HzCH(CHs)z -] 168.1 | 60.0 .45
Butyl acetate_...__._. CH3CO0C -| 126.3 | 37.8 1.2
Methyl amy]l acetate__ CH30000H(CH3)CH20H(C )z_ X 43.3 .58
Ethylene glycol di- | CoHsOCH,CHOCHy_ .. ________ . 35.0 3.4
ethyl ether.
N-butylether ... CyHyOCHo oo X 37.8 .19
Resins solvents:
Acetone ! ____________ CH3COCHS3. ..o 3 —9.4 100
Acetonylacetone._.__. CH;3C OPHzC H;COCHj. . _ . 85.0 100
Ethylene glycol mon- | C;HsOCH;CH,OH . .. _____________ 3 57.2 100
oethyl ether (cello-
solve).
Diethylene glycol | C4qHyOCH,CH:OCH:0H_________. 230.7 | 115.6 100
monobutyl ether
(butyl “carbitol””).

1Included for comparison only.

Rubber-precipitating solution.—A 0.5-percent H.SO. (c. p. reagent, Du Pont,
sp. gr. 1.84) solution in 95-percent ethanol by volume is used as a rubber
precipitant.

Protective Colloid Solution for Rubber.—A 4.5-percent solution of diglycol stea-
rate S or glycosterin (a refined grade of diglycol stearate S not available during
the war period) (both technical-grade, Glyco Products Co.*) is made in morpho- .
line (technical-grade, Eastman). (The stock of diglycol stearate S used in
these experiments, on the basis of three determinations, at 25° C. was 5.11+0.047
percent soluble in morpholine.) The diglycol stearate S is brought into solution
by heating; the solution is made up to volume at a standard temperature (25°

2 230 King Street, Brooklyn, N. Y.
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in the writer’s laboratory) and filtered. A 5-percent solution of this by volume
is then made in the ketone, acetate, or ether, or the mixture of these used as the
rubber solvent.

REAGENTS FOR RESINS ANALYSIS

Resins solvents—A mixture of 3 parts of acetonylacetone and 7 parts of ethyl-
ene glycol monoethyl ether (hereinafter referred to as cellosolve) by volume (both
technical-grade, Carbon & Carbide Chemicals Corp.) is a good resins solvent.
This mixture is referred to as acetonylacetone-cellosolve 3—7 in the text. Con-
stants of these and other resins solvents are given in table 1.

Resins-precipitating solution.—A 0.5-percent H.SO. (c. p. reagent, Du Pont,
sp. gr. 1.84) solution in H:O by volume is used as the resins precipitant.

Protective Colloid Solution for Resins.—A 0.2-percent solution of diglycol stea-
rate S or glycosterin is made in acetonylacetone-cellosolve 3-7 or any other resins
solvent used. The diglycol stearate S is dissolved by heating; the solution is
made up to volume at a standard temperature and filtered. If the solution should
become cloudy because of a drop in temperature, the precipitate may be brought
back into solution by heating,

SpECIAL EQuiPMENT FOR RUBBER AND RESINS ANALYSIS
PHOTOMETRIC INSTRUMENTS

Several types of instruments, including the Coleman electronic
photofluorometer, Coleman double monochromator spectrophotometer,
Klett-Summerson colorimeter, and Evelyn photoelectric colorimeter,
have been used. The photofluorometer apparently is not suited for
the purpose because the characteristic of the suspension measured was
such that there was very rapid change in the readings on standing of
the solution after rubber and resins precipitation. The order of pref-
erence from the standpoint of greatest precision of readings 1s as
follows:

(1) Coleman double monochromator spectrophotometer model 108 or Coleman
universal spectrophotometer model 11.—Wave-length setting at 750 mp is
recommended.

(2) Evelyn photoelectric colorimeter with Corning monochromatic filter com-
bination 720 mu (2432:3952: 5852).—A plastic cap is used to cover absorption
test tube when readings are being made. A rack for holding a hand magnifying
glass to facilitate making approximate galvanometer readings to 0.1 may be
manufactured locally.

(3) Klett-Summerson colorimeter.—No suitable filter combination of approxi-
mately 750 mu wave length is available at present. The instrument performs
satisfactorily with the available filters between 575 and 675 mu for rubber analysis
on 2-year-old or older guayule material with leaves removed and for current-
season growth from such plants with filters above 450 mu (see fig. 9). This limits
its usefulness.

For the present the Evelyn photoelectric colorimeter is recommended
as the most convenient and adaptable instrument for routine labora-
tory analyses.

OTHER EQUIPMENT

A thermostatically controlled oil bath with a removable screen basket parti-
tioned to hold 25-ml. volumetric flasks (fig. 1). High-grade cylinder oil S. A. E.
20 is used.

A thermostatically controlled water bath provided with motor stirrer and
removable screen basket partitioned to hold 25- and 100-ml. volumetric flasks for
use in standardizing temperature of reagents and aliquots of extracted samples
taken for analysis.
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Ficure 1.—American Instrument Co. constant-temperature, general-purpose bath
used as an oil bath. Note speeial rentovable wire basket for holding 25-ml.
volumetric flasks during extraetion of rubber and resins; this is not standard
equipment and must be added by the analyst.

Model E measured time elock (Measured Time, Ine.) and Kodak eleetric
timer ; the latter was used in deternining standing time aceurately to the minute
after rubber and resins are precipitated and the former for timing heating and
centrifuging periods.

A Wiley or a Ball & Jewell mill for the initial eoarse grinding of guayule tissue.

Ross-Hardesty modifieation of the hammer mill (4) provided with No. 1
(2-mm.) and No. 2 (2.5-nm1.) screens.

Pyrex 25- and 100-ml. volumetrie flasks provided with ground-glass stoppers.

A special 30-ml. Pyrex tritnration beaker with flat inside bottom and glass
rod, 12 en. long by 0.5 em. in diameter, with ground flattened end 1 em. in
diameter, for use in making rubber solutions (fig. 2, A and B). The special beaker
is mannfactured from the 30-ml. Griflin low-form beaker with spout (Corning
Glass Works No. 1000), The bottom is flattened by the regular glass-working
proeedure. The flattened end of the glass rod and the surface of the flat inside
bottom of the beaker are ground together with emery in order to secure the most
satisfactory surface for trituration.

A Pyrex watch glass, at least 2 mni, in thiekness, for use as a base in dividing
rubber saniples.

A cork knite for use in dividing rubber samples.

Heavy-duty Pyrex 40-nil. gradnated centrifuge tubes provided with eone points
and cork stoppers to fit (fig. 2, C).

Filter sticks (fig. 2, D) for nse with the graduated tubes in the operation of
pouring clarified extracts into 25-ml. Erlenmeyer flasks withiout disturbing resi-
due. At the outset a glass rod with a flattened end was manufaetured in the
laboratory for this use, but it was diflicult to secure a perfect fit. However, the
available filter stiek served the purpose and was later substituted. The fritted
glass disk serves no funetion as such in this operation but liolds back the liquid
and residue in the cone point.

Caulfield pipette for transferring ketones and other organie solvents.

Small weighing bottles 3.5 em. high and 2.2 em. in diameter.
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igukre  2.—Some  of  the
special  glassware  re-
quired  for rnbber and
rexins  analysis:  Glass
rod  with flattened  end
(A) and trituration
beaker (B) for nse in
making stock solutions of
rubber; corked, heavy
duty, 40-ml Pyrex centri-
fuge tube with cone point
(C); and filter stick
(D) for use in ponring off
clarvified  extracts  with-
out distnrbing the in-
solnble residne.
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Glass funnels, 1 inch in diameter, for use in transferring weighed samples and
clarified extracts to 25-ml. volumetric flasks,

Wide-inouth, gliass bottles with plastic or metal screw caps for storing ground
plant samples.

Racks for holding 50-ml. centrifuge tubes and 23-ml. volnmetric flasks (fig. 3).

Automatic 100-ml. Pyrex burette, of the type nsed for acids, with interchange-
able ground joint, for rapid delivering of rubber and resins precipitants.

Ineure 3.—Ruacks required for lolding (A) centrifuge tubes and (B) 25-ml,
volumetrie flasks.

CLEANING GLASSWARE

The nuportance of a high degree of cleanhiness in photowetric work
1¢ discussed by Yoe (8, pp. 3)’-1 ). Centrifuge tubes ave first scrubbed
thoroughly with soap and tap water, and then they are rinsed with
cle.nnn«r solution and water. If flasks with precipitated rubber or

resins are to stand any length of time before thev are washed. it is
advisable to pour ont the contents and replace with tap water, The
694038—16——2
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25- and 100-ml. volumetric flasks are rinsed two or three times with tap
water and then with cleaning solution and water as is customary. In
all cases the rinsed glassware is dried in an inverted position at room
temperature or upright in a drying oven. The flasks used for extrac-
tion of rubber from kok-saghyz (Z'araxacum kok-saghyz Rodin) are
finally rinsed with the solvent to be used and are allowed to drain and
dry under a ventilated hood. Cuvettes or absorption test tubes are
handled and cleaned as directed by the manufacturers of the photo-
metric instruments used.

RusBer (CaouTcHOUC) CALIBRATION CURVES
GENERAL CONSIDERATIONS

The rubber hydrocarbon standard is prepared by extracting the
rubber from guayule tissue according to the Spence-Caldwell method
(8) or by the Holmes-Haasis modification of this method (p. 2). The
air-dry extracted rubber is dried further in a vacuum oven with 30
inches of vacuum at 65° C. for 4 hours. The rubber standard is pre-
served in a closed container stored in a refrigerator. Before the
samples are weighed out, the unopened container with the rubber is
brought again to room temperature.

Two stock solutions, each in triplicate from separately extracted
standard rubber samples, are prepared—the first set of three contain-
ing 0.1 percent, or 1 mg. of rubber per milliliter, and the other 0.2 per-
cent, or 2 mg. of rubber per milliliter. The desired weight of rubber
contained in a known volume of the solvent is withdrawn from a
burette or pipetted and made up to 25 ml., the standard volume used
throughout the procedure.

The rubber samples (0.1 and 0.2 gm.) for the stock solutions are
weighed out to an accuracy of 0.2 mg. on an analytical balance. The
rubber is best manipulated by means of the straight blunt-edged top
of a cork knife. With a little practice one can readily separate the
desired portions by pressure from above. Further subdivision is made
on a stout Pyrex watch glass, at least 2 mm. in thickness. By pressure
from above and shearing action very small particles can be separated
so that the required amounts can be weighed out accurately. The
rubber sample is then divided into small pieces on the special watch
glass by means of a cork knife,

One milliliter of diisobutyl ketone ** is placed in a special 30-ml.
trituration beaker (fig. 2, B) and the finely divided rubber sample (0.1
or 0.2 gm.) is added and heated on a hot plate under a ventilated hood
to a temperature just under the boiling point of the solvent. A special
glass rod is used to triturate the sample (fig. 2, 4).

When the rubber has dissolved so as to make a homogeneous gellike
mass, hot methyl isobutyl ketone or any of the other rubber solvents
recommended (table 1) 1s added and mixed with the rubber solution.

B Diisobutyl ketone was not available during wartime. Methyl isobutyl ketone
may be substituted, but it is not as efficient in this operation. If the latter is
used, it is best to let the finely divided rubber particles stand overnight in the
solvent and to cover the container to minimize evaporation of solvent before heat is
applied to complete solution.
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The mixture is transferred to a 100-ml. volumetric flask with several
washings of hot solvent, cooled to a standard temperature, and made
up to volume with the same solvent. Special precaution must be taken
in transferring the rubber solution to the volumetric flask so that no
rubber is lost. It is convenient to insert a 4-inch funnel in the neck
of the volumetric flask to pour the rubber solution in one operation into
the tube of the funnel, with the aid of the glass rod, and to follow im-
mediately with several washings of hot solvent, which are first poured
into the beaker held directly over the funnel and then through the
funnel.

If time is not an object, it is also feasible to place the finely divided
particles of rubber in the flask containing the solvent and allow it to
stand until the rubber is dissolved. The rubber solutions are stored in
the tightly stoppered volumetric flasks in a cool, dark place. There
they will remain constant in value for an indefinite period.

Two calibration curves are made—one for 0.2 gm. of tissue contain-
ing 0.1 to 1.0 percent of rubber (0.04 to 0.4 mg. of rubber in a 25-ml
volume) and the other for 0.2 gm. of tissue containing 1.0 to 25.0 per-
cent of rubber (0.4 to 10 mg. of rubber in a 25-ml. volume).

CURVES I'OR 0.1 TO 1 PERCENT OF RUBBER

In order to reduce error to a minimum, a suitable microburette is
used to prepare the set of standard solutions of varying concentrations
in the range 0.1 to 1 percent of rubber. In the present work the Im-
proved Rehberg microburette (1, 3), which accurately delivers to 0.001
ml., was found satisfactory. From a 0.1-percent standard rubber solu-
tion in a suitable solvent quintuplicate aliquots of 0.04, 0.1, 0.2, 0.3, and
0.4 ml. are measured out at a standard solution temperature (25° C. in
writer’s laboratory) by means of a microburette into 25-ml. volumetric
flasks provided with glass stoppers. Enough of the rubber solvent is
then added to each flask to make 5 ml. when added to the amount of
rubber solution previously added. After 0.1 ml. of protective colloid
solution has been added the rubber is precipitated and spectrophotom-
eter or colorimeter readings are made according to the procedure out-
lined on page 14. The readings for each concentration are averaged
and plotted against the milligrams of rubber in a 25-ml. volume, or
percentage of rubber calculated on the basis of 0.2-gm. tissue samples
and aliquot volume factors for the procedure outlined on page 14.
This procedure is repeated twice; in each case a standard rubber solu-
tion was prepared from separately extracted standard rubber samples.
The complete data are plotted on coordinate paper as shown in figure 4.

CURVES FOR 1 TO 25 PERCENT OF RUBBER

The procedure in making a curve for 1 to 25 percent of rubber is
similar to that for the curve for 0.1 to 1 percent, except in a few details.

The quintuplicate aliquots are spaced at 0.4, 1, 2, 3,4, 5, 6,7, 8, 9, and

10 mg. per 25-ml. volume. In securing the 0.4 mg. per 25-ml. volume,

the procedure outlined in the preceding paragraph is followed. In

the range 1 to 4 mg. per 25-ml. volume, the desired concentrations of
rubber are secured by measuring aliquots with National Bureau of

© Standards transfer pipettes from the 0.1-percent rubber solution.
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RUBBER IN 25-ML. VOLUME (MG.)
(o] .05 .10 15 .20 .25 .30 .35 40

100 | I I
99 —
98 |—
97 I~
96 |—

95 —

PHOTOMETRIC READINGS

94 -

93 -

P N Y Y N TR TR NN N B
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TF1cure 4.—Calibration curve for rubber in 0.2 gm. of guayule tissue containing
0.1 to 1.0 percent of rubber. (Readings on an Evelyn photoelectric colorimeter
with 720-my filter and 6-ml. aperture; the 0.1 divisions required in actual prac-
tice for photometric readings are omitted.)

Similarly, in the range 5 to 10 mg. per 25-ml. volume, the desired con-
centrations of rubber are measured from the 0.2-percent solution. The
complete data are plotted on semilogarithmic paper as shown in
figure 5, 4.

STANDARDIZATION AGAINST GRAVIMETRIC METHOD

The alternate procedure of standardizing the present method against
the Spence-Caldwell method (&), although feasible, is not advisable
because of the extra work required and the introduction of the exper-
imental error of the benzene extraction method.

REsINs CALIBRATION CURVES

The procedure for constructing calibration curves for resins analysis
is similar to that outlined for rubber, except that resins exudate of
guayule is used as the resins standard. The resinous exudate dis-
solves very readily in the resins solvents listed in table 1. It may
be Erep*ared in two ways for use as a standard—the clean exudate as
gathered from the plants is dried for 6 hours at 65° C. at a 30-inch
vacuum or the exudate is dissolved in acetone and filtered. In drying
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RESINS IN 25-ML.VOLUME (MG.)
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Fiecure 5.—Calibration curve for (4) rubber in 0.2 gm. of guayule tissue con-
taining 1 to 25 percent of rubber and (B) resins in 0.2 gm. of guayule tissue
containing 1 to 25 percent of resins. (Readings on an Evelyn photoelectric
colorimeter with 720-my filter and 6-ml. aperture; the 1.0 divisions required
in actual practice for photometric readings are omitted.)

20

in vacuo, a relatively small quantity of exudate is placed in a large dish,
since the mass foams at the beginning of the drying process. Prac-
- tically all of the acetone is evaporated off over a steam or water bath,
and the residue is dried, pulverized in a mortar, and preserved by
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drying as indicated for fresh exudate. In all cases the products are
stored in airtight containers in a dark, cool place.

The usual range of resins from guayule tissue is about 2 to 8 percent
on a dry-weight basis. For work with this plant, therefore, only one
curve is needed. A typical resins calibration curve is shown in figure
5, B.

PRrROCEDURE FOR RUBBER ANALYSIS

Duplicate extractions are made for each tissue analyzed and dupli-
cate photometric readings are made for each extraction; the final
value therefore reported represents an average based on the four pho-
tometric readings.

Thoroughly mixed 0.2-gm. samples of the finely ground tissue are
weighed for analysis on the basis of moisture-free tissue. The samples
are weighed to an accuracy of 0.2 mg. on an analytical balance. The
method of deriving factors for making corrections for moisture in
samples has been detailed on page 4.

The weighed samples are transferred to the 25-ml. volumetric flasks
with the aid of 1-inch glass funnels, and 20 ml. of methyl isobutyl
ketone is added to each flask. The contents in the flasks are heated 1n
a constant-temperature oil bath at 115° C. for 30 minutes under a
ventilated hood. The flasks are removed and any adhering oil on the
outside is wiped off with Kleenex or a similar cellulose tissue; the con-
tents of the flasks are cooled to a standard temperature (25° in the
writer’s laboratory) in a constant-temperature water bath provided
with a motor stirrer, if available, and made up to volume with the
solvent. After the contents are mixed, the flasks are allowed to stand
for a few minutes until most of the insoluble residue settles to the bot-
tom. The extracts are then carefully poured into 40-ml. heavy-duty
centrifuge tubes so as to include as little as possible of the settled insolu-
ble residue. The centrifuge tubes are stoppered with cork stoppers,
and the liquid is clarified by centrifuging for 10 minutes at 2,000 revo-
lutions per minute. The clarified liquid is poured into 25-ml. volu-
metric flasks provided with ground stoppers. [t is important to pour
off the clarified extract in such a manner that the insoluble residue is
not stirred up. A 1-inch funnel is placed in the neck of the volumetric
flask. A filter stick (fig. 2, D) 1s inserted in the centrifuge tube
through the liquid so that the enlarged part of the stick seals off the
insoluble residue and a small portion of the extract in the cone point.
With the index finger the stem of the filter stick is then held against
the side of the tube toward the analyst, who holds the tube with the
thumb and third finger. The extract is then poured off easily into the
volumetric flask without disturbing the insoluble residue. The con-
tents of the flasks are then brought to the standard temperature in the
constant-temperature water bath.

The reagent blank used with the spectrophotometer or colorimeter is
prepared as follows: 5 ml. of methyl isobutyl ketone or other solvent
used is pipetted into a 25-ml. volumetric flask and 0.1 ml. of protective
colloid solution for rubber is added ; the mixture is made up to volume
with acidified 95-percent ethanol and mixed again; the required vol-
ume of the mixture is poured into a cuvette or an absorption test tube.

From each pair of tissue extractions, two 5-ml. aliquots of the clari-
fied extract, at the standard temperature, are pipetted into 25-ml. volu-
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metric flasks and 0.1 ml. of protective colloid solution for rubber is
added to each. One additional 5-ml. aliquot from each pair of extrac-
tions is similarly prepared to serve as a key to the standing times for
the final readings as indicated in table 2. These additional aliquots
are first made up to volume with the precipitant, acidified 95-percent
ethanol, mixed by carefully inverting the flask three or four times, and
allowed to stand for 4-minute periods before the reading is made on
the colorimeter. With these preliminary readings as a basis, the
standing times for final readings are taken from table 2. For example,
if the colorimeter reading in rubber analysis at 4 minutes is 65.5, then
the standing time is 15 minutes.

The two remaining duplicate aliquots for each extraction are then
made up to volume with acidified 95-percent ethanol, mixed by care-
fully inverting the flask three or four times, and allowed to stand for
the required number of minutes, as established by the preliminary
4-minute trial readings (table 2), before the final colorimeter readings
are made on the contents of the flasks.

TaBLE 2—S8tanding time for various concentrations of rubber or resins after
precipitation before colorimetric readings are made

[5-ml. aliquots of rubber in methyl isobutyl ketone or of resins in acetonylacetone-cellosolve 3-7; both made
up to a 25-ml. volume with precipitant; readings on Evelyn photoelectric colorimeter with 720-mu (690
to 770-my) filter and 6-ml. aperture]

RUBBER!

Range of colorimeter | Approximate Stti?;]edflgrg Range of colorimeter | Approximate Stggnedfigrg
trial readings after 4- | range in con- final trjal reading; aftgr 4- | range in.con- final
minute standing time? | tent in tissue reading minute standing time? | tent in tissue reading

Percent Minutes Percent Minutes
0.9-0.1 60 || 55.1-63.8___________.____ 9.3-6.9 10
4,.3-1.0 30 || 42.0-55.0__ 13.7-9.4 b
6.8-4.4 15 || Belowd2.______._____.. More than 13.7 2

RESINS 3
1.39-0.1 60 || 41.0-54.1________________ 13. 25-9. 39 10
6. 25-1. 40 30 20. 25-13. 26 b
8. 38-6. 26 20 More than
9.38-8. 39 15 20. 25 3

1 Precipitated with 0.5-percent HzSO4 in 95-percent ethanol. L . .

2 When the approximate concentration of rubber or resins in solution is not known, trial colorimeter read-
ings at 4 minutes’ standing time are made as a guide to the required final standing time indicated in the last
column. In practiceanextraaliquot is prepared for precipitation, and this is discarded after the trial reading
is made.

3 Precipitated with 0.5-percent H2SO4 in H:0.

PROCEDURE FOR RESINS ANALYSIS

The procedure for resins analysis is the same as that indicated for
rubber analysis except that the solvent is acetonylacetone-cellosolve
3-7; the precipitant 1s 0.5-percent H,SO, in H,O; and 0.1 ml. of the
protective colloid solution for resins is added to each 25-ml. flask con-
taining the aliquot of the extract before the precipitant is added.

PrOTOMETRIC INSTRUMENTS RECOMMENDED AND CALCULATION
or REsuLrts

Photometric readings of percentage of light transmittance (7') are
made on the Coleman double monochromator spectrophotometer at
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750-mp wave length ; or readings are made on a colorimeter provided

with the monochromatic filter combination for selecting the approxi-
mate wave length at 750 mp. For routine determinations the Evelyn
photoelectric colorimeter provided with a 720-my filter is recommended.

The liquid in which the precipitated rubber and resins are sus-
pended is poured very carefully down the inside of the cuvette or
absorption tube to avoid the formation of air bubbles. After rubber
and resins precipitation, when the Evelyn photoelectric colorimeter is
used, the readings are made after the standing times shown in table 2.
It has been found convenient to precipitate rubber or resins from the
aliquots at 2-minute intervals. This allows sufficient time to check

_the colorimeter and to make the readings. When a change is made
from one reading to the next it is advisable to rinse the cuvette or
absorption tube at least twice with small portions of the solution to
be read.

After the colorimeter readings have been made the milligrams of
rubber or resins or the percentages present in the aliquot are read
from calibration curves (figs. 4 and 5) or from prepared tables of
equivalents based in each case on experimental data. The results are
expressed as percentages of dry weight (8 hours’ drying at 100° C.)
of the original tissue. The error due to leaving the insoluble residue
in the volumetric extraction flask when the extract is being made up
to volume is very slight since only 0.2 gm. of tissue is used. For routine
analyses this very slight error may be disregarded.

EXPERIMENTAL RESULTS

The experimental results on which the methods of rubber and resins
analysis are based are discussed briefly herein.

PREPARATION OF SAMPLES

No difficulty was experienced in preparing samples of nursery-grown
guayule plants less than 2 years old for rubber and resins analysis.
In the case of older field-grown guayule plants errors, however, may
be introduced by the customary method of preparing the samples for
analysis as is briefly indicated in this section. Such errors do not affect
the precision of the methods for rubber and resins analysis, since they
are due solely to the tissue-sampling procedure in the case of older
field-grown plants. The method of sampling field-grown plants more
than 2 years old, therefore, requires further investigation.

PARBOILING FOR REMOVAL OF LEAVES

Parboiling, which consists in boiling guayule plants in water for
8 to 10 minutes, is commonly used as a means of leaf removal prior
to drying and grinding. It is, therefore, necessary to determine any
Fossible effect of this procedure on the final results. Experiments
have shown that there is a slight loss in dry weight of roots and stems.
In a typical experiment branches of 3- to 4-year-old guayule plants
were halved at random. One set of halves was parboiled and the
leaves were hand-picked from the other set. Both sets were dried for
48 hours at 65° C. in a mechanical convection oven. The results are
summarized as follows:

LY
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Dry weight lost
in pardoiling
Plant : (percent)
1 1.4
2 ___ el 2.1
> 2 1.2
S 2.6
Mean______________ ___ o ___ 1.8

The effect of parboiling on the final analyses is summarized in figure
6. Rubber recovery was about 1 percent higher for parboiled plants
and resins recovery somewhat over 1 percent lower. The difference
in rubber recovery cannot be accounted for by loss in dry weight, A
clue 1s to be found in a study of the grinding behavior of a parboiled
and an unparboiled shrub. The grinding of the parboiled shrub in
the hammer mill is much facilitated, and as a rule for tissue with a
rubber content below 10 percent no aggregates of rubber develop in
the machine during the operation. With the unparboiled shrub some
difficulty may be experienced, since some of the sticky exudate on the
plant may serve as nuclei for the formation of rubber aggregates. This
apparently explains the apparent loss in rubber from the unparboiled
shrub as compared with the parboiled (fig. 6). The loss in resins
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Ficure 6.—Effect of particle size on recovery of rubber and resins when leaves

were removed by parboiling and by hand picking (control) ; plants ground in
a hammer mill.
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recovery from parboiled shrub may be due to the loss of the resinous
exudate during parboiling. This exudate forms as a scum on top of
the liquor in the tank. '

On the basis of these results the recommendation is made not to
vary the method of leaf removal in any one research project. Then
fairly comparable results should be obtained.
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Ficure 7.—Distribution of particle sizes of guayule tissue ground in a Ball &
Jewel mill to pass six different screens; leaves removed from plants by par-
boiling and hand picking (control); defoliated plants dried to a moisture
content of 0.5 to 0.9 percent; ground tissue shaken 10 minutes in a Fisher-
Kahn shaker,
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GRINDING

The entire plant or plant parts are given a preliminary drying for
24 hours at 65° C. prior to the preliminary grinding in a Wiley or a
Ball & Jewell mill. An analysis of particle sizes after coarse grinding
shows that they are about the same for parboiled and unparboiled
shrubs (fig. 7).

The coarsely ground sample is then dried for 48 hours at 65° C.,
after which it has a moisture content of 2 percent or less as determined
by drying subsamples at 100° for 8 hours. The sample is then ground
in a hammer mill. The model used in this work is a Raymond mill
as modified by Ross and Hardesty (4). Screens with round perfo-
rations are furnished by the Raymond Combustion Engineering Co.
The sizes furnished include No. 1 (2 mm.), No. 2 (2.5 mm.), No. 3
(3.3 mm.),and No. 4 (4 mm.). An analysis of the results secured with
these screen sizes with parboiled and unparboiled shrubs is shown in
figure 8. This shows that screens Nos. 1 and 2 are similar but that
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Fieure 8.—Distribution of particle sizes of guayule tissue ground in a hammer
mill to pass six different screens. Leaves removed by hand picking (control)
(A) and parboiling (B) ; defoliated plants dried to 0.8 to 1.1 percent moisture
content; ground tissues shaken 10 minutes in a Fisher-Kahn shaker.

No. 1 gives a definitely larger percentage of finer particles. Experi-
ments have shown that for maximum extraction of rubber and resins
from ground guayule tissue by the procedure outlined on page 14, 2- or
2.5-mm. screens should be used (fig. 6). The advantage of using No. 1
screen is that errors due to sampling the ground tissue are reduced as
much as is possible with the present equipment.

It should be emphasized that in the case of samples with a rubber
content of 10 percent or more it is not possible to use screen No. 1.
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Even with screen No. 2 difficulty due to rubber aggregations may be
encountered. In these cases it is best to parboil the shrub for leaf
removal and finally to dry to about 1 to 2 percent of moisture for best
results in grinding in the hammer mill.

It is advisable to provide the hammer mill with a ground wire, since
the presence of static electric charges on the particles will cause some of
these to adhere to the inside of the container or may cause some of the
particles to form aggregates. Errors in sampling from this source
may be considerable.

SOLVENTS

Among the solvents with high boiling points that may be used in
rubber analysis are methyl n-amyl ketone, methyl isobutyl ketone,
diisobutyl ketone, butyl acetate, methyl amyl acetate, ethylene glycol
diethyl ether, and n-butyl ether (table 1). These are also resins sol-
vents, but the resins are held in solution by the rubber precipitant,
ethanol, when rubber is precipitated (see tables 3 and 4). On the basis
of the experiments the best all-round solvent for use in the present
method is diisobutyl ketone, which was not manufactured during
World War II. A suitable substitute is methyl isobutyl ketone, which
is reported as nontoxic (9).

Cellosolve (ethylene glycol monoethyl ether), butyl “carbitol”
(diethylene glycol monobutyl ether), and acetonylacetone may be used
as resins solvents (table 1).

In the earlier work with resins analysis cellosolve alone was selected
as a suitable solvent. Although cellosolve alone is excellent, its rela-
tively greater viscosity leads to bubble formation after resins precipi-
tation. This increased the experimental error. One of the other
resins solvents, acetonylacetone, has the property of greatly reducing
viscosity when added to other liquids. This solvent therefore was
added to cellosolve in sufficient amount to overcome the difficulty. On
the basis of experiments 3 parts of acetonylacetone to 7 parts of cello-
solve (both by volume) was selected. The other solvent listed, butyl
“carbitol,” at least the technical-grade product used, is apparently not
as good as either of the other two or a combination of these.

The solvents for use in analyzing artificial rubbers by the present
method apparently depend on the kind of rubber. Mesityl oxide is
suitable for Buna S and butyl ether for butyl rubber. These reagents
are technical grade, Carbon & Carbide Chemicals Corp. This subject
has not been extensively investigated by the writer.

PRECIPITANTS

Any test for the adequacy of the precipitants recommended must be
based on the precision of the final results obtained with the methods.
The precipitants selected after extensive experimentation are satis-
factory (see fig. 16 and tables 6-9). Extensive tests carried out have
shown that a satisfactory precipitant for rubber is 0.5-percent H,SO,
(c. p. reagent, Du Pont, sp. gr. 1.84) in 95-percent ethanol by volume.
For guayule resins 0.5-percent H,SO, in H,O by volume 1s a satis-
factory precipitant. A solution of 1 part of H,SO, to 5 parts of H,O
(1-5 H,S0,) and also various intermediate proportions of these sub-
stances give fair results, but with the increase in the ratio of H.SO,

-

¥



RAPID PEHOTOMETRIC DETERMINATION OF RUBBER AND RESINS 21

to H,O the solution becomes somewhat viscous and precautions must
be taken to avoid bubble formation when it is poured into the cuvettes.
It should be noted that both of these precipitants have an acid re-
action. It was found that when NH,OH was used in the rubber pre-
cipitant in place of H,SO, the readings were stable but were not re-
producible. The use of NaOH in place of H,SO, gave variable results
as a rule. However, when the 95-percent ethanol in rubber analysis
or H,O in resins analysis was acidified the characteristics of the liquid
with precipitated rubber or resins in suspension as read on the spectro-
photometer or colorimeter followed a regular course as explained on
page 24 (see figs. 11 and 12). This made it possible to obtain repro-
ducible results and consequently the required degree of precision.

PROTECTIVE COLLOIDS

In the earlier experiments, before the solvents and precipitants had
been properly adjusted, it was found that the use of a protective colloid
such as diglycol stearate S improved the reproducibility of the results
markedly. Out of a great many similar compounds tested diglycol
stearate S apparently proved to be the most useful. However, after
the final procedures were developed, the benefit of the protective colloid
was not so greatly needed. In the case of resins determinations it is
advisable to use 1t, and a slight benefit may be secured by its use in
rubber analysis. The details for the preparation of the protective
colloid solutions and concentrations recommended are given on page 5.

ELiMINATING ERRORS DUE TO EXTRANEOUS COLORS
INTERFERING COLORS

One of the main problems that had to be solved in working out the
methods for rubber and resins analysis in plant samples was to elim-
inate the error due to the presence of extraneous colors. The amount
of color varies from sample to sample depending on the age of the
material, the part of the plant sampled, the history of the plant mate-
rial subsequent to harvesting, and possibly other factors.

In rubber analysis this error can be overcome by first extracting the
sample with acetone or cellosolve, which removes the coloring matter
and the resins. This, however, requires an extra step in procedure.
In resins analysis apparently there is no easy procedure for the re-
moval of chlorophyll and other coloring matters that may be present
without also affecting the resins content.

The problem was first solved by selecting the proper wave length
on the Coleman double monochromator spectrophotometer for the
determination of the percentage of light transmittance (7') after pre-
cipitation of rubber and resins from solutions containing various
amounts of coloring matter. In place of the spectrophotometer a color-
imeter may be used in routine analytical procedure if it is provided
with the necessary monochromatic filter combination.

SELECTION OF WAVE LENGTHS

Spectral transmittance curves for rubber extracts in methyl isobutyl
ketone and for resins extracts in acetonylacetone-cellosolve 3-7 from
various types of guayule tissue are shown in figure 9. The results for
cellosolve alone are similar to those for the mixture indicated.
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Fieure 9.—Spectral transmittance curves for extracts from 0.2 gm. of guayule

tissue in a 25-ml. volume of (A) methyl isobutyl ketone and (B) acetonylace-
tene-cellosolve 3-T.
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The data presented indicate that for the various methyl isobutyl
ketone extracts the regions of maximum absorption when all tissues are
considered are between wave lengths 350 to 475 mu and 625 to 675 mg,
whereas the regions of greatest light transmittance are between wave
lengths 475 to 625 and 700 mp and above. Similar results were secured
for acetonylacetone-cellosolve 3-7 extracts of guayule tissue. The
error due to color in the liquid after rubber or resins have been pre-
cipitated may be reduced to the vanishing point by selecting, for in-
stance, wave bands above 700 mp. Actual experiments have shown
that the most suitable wave band for use in rubber and resins analysis
is in the neighborhood of 750 mg.

A summary of a typical experiment to show effective control of
errors due to color in rubber and resins extracts from guayule tissue is
presented in table 3. The solvents, acetone and cellosolve, which are
reported as nonrubber solvents, extract the colored materials and
resins. This makes it possible after the evaporation of the solvents
to take up residues of such extracts in the rubber solvents and thus
secure a solution with the color but without any rubber. When the
rubber precipitant is then added one has a direct test of the efficiency
of wave length 750 mu in eliminating errors due to extraneous color.

TAaBLE 3.—Effect of adding acetone-extract residue of tissue of 3- to }-year-old
guayule plants to methyl isobutyl ketone or of cellosolve extract of such tissue
on percentage of light transmittance (1) as determined on a Coleman double
monochromator spectrophotometer at 750-mu wave length and 5-myu band width

Light transmittance (7)) when

Ingredients made up to 25-ml. volume sample is from indicated plant part

Root,
Name Amount | stem, and
branches

New

growth Leaves

Acetone-extract residue without rubber: ! Mi. Percent Percent Percent
Acetone-extract residue in methyl isobutyl ketone 2.
Methyl isobutyl ketone_ ... ...
Diglycol stearate S solution S
Acidified ethanol (precipitant) ... ____.______..__

Rubber without acetone-extract residue: !
Methyl isobutyl ketone_ ...
2 mg. of rubber in methyl isobutyl ketone.. -
Diglycol stearate S solution______________ .
Acidified ethanol (precipitant) ... .........._.

Acetone-extract residue plus rubber: !

Acetone extract residue in methyl isobutyl ketone 2.
2 mg. of rubber in methyl isobutyl ketone..........
Diglycol stearate S solution____.____.____ .
Acidified ethanol (precipitant)
Cellosolve extract without rubber: ?
Cellosolve extract 4. ... . ... ...
Methyl isobutyl ketone_._ ...
Diglycol stearate S solution_______
Acidified H;0 (precipitant). ...

Rubber without cellosolve extract: 3
Cellosolve
2 mg. of rubber in methyl
Diglycol stearate S solution____...
Acidified Hz0 (precipitant)

Cellosolve extract plus rubber: 3
Cellosolve extract 4. ...
2 mg. of rubber in methyl isobutyl ketone. .
Diglycol stearate S solution._._.......... .
Acidified H;O (precipitant) ... ... ...

100 100 100

—
© -

B, GOT A CTOT R Ot A Ot s GOr B GOt

—
O

61.9 61.9 61.9

© —

—

100 100 100

—
O

62.3 62.8 62.8

—
© -

62.0 62.0 62. 4

—
O

1 Blank: 10 ml., methyl isobutyl ketone; 0.1 ml., diglycol stearate S solution; and 14.9 ml.,acidified ethanol

20.2 gm. of guayule tissue extracted with 40 ml. of acetone; acetone evaporated off and residue taken up
in methyl isobutyl ketone and made up to 50-ml. volume with methy] isobutyl ketone.

3 Blank: 5 ml., cellosolve; 5 ml., methyl isobutyl ketone; 0.1 ml., diglycol stearate S solution; and 14.9
ml., acidified H30. X )

0.2 gm. guayule tissue extracted with 40 ml. cellosolve and made up to 50-ml. volume with cellosolve.
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In table 3 is presented such direct evidence showing that the color
extracted from guayule tissue with acetone and cellosolve is effectively
screened out by the selection of wave length 750 mu on the spectro-
photometer. This table also shows that the rubber added can be quan-
titatively recovered in the presence of the colored materials and resins
and that rubber was apparently not extracted from the guayule tissue
by these solvents. These results give convincing evidence that the use
of wave length 750 mp on the spectrophotometer is the proper pro-
cedure in photometric analysis of rubber or resins.

SELECTION OF MONOCHROMATIC FILTER COMBINATION

On the basis of the results shown in table 3 attempts were made to
secure the proper monochromatic filter combinations for various
colorimeters. The 720-mp filter furnished for the Evelyn photo-
electric colorimeter, for which the characteristics of the relative light
transmission (¢) curve are shown in figure 10, gives satisfactory re-
sults. The 750-mp filter combination, for which the relative light
transmission curve is also shown in figure 10, is satisfactory; but this
is not standard equipment.

Up to the present useful filter combinations in the 700-mp range
have not been secured for the Klett-Summerson colorimeter, but

further attempts are being made.
TIME OF STANDING AFTER RUBBER OR RESINS PRECIPITATION

A consideration of the time of standing after precipitation of rubber
or resins from solutions is important, for the percentage of light trans-
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Ficure 10.—Comparative spectral transmission (¢) curves for filter combinations
with dominant wave lengths at 720 and 750 mu. o
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mitted (spectrophotometer readings) or light scattered (photo-
fluorometer readings) is subject to change. .

Figures 11 and 12 show that in the case of transmitted light under
the experimental conditions there is first a decrease in percentage of
transmittance followed by a period of relative stability with only
slight changes after a number of minutes. The light transmittance
then increases. This may be summarized as follows: The percentage
of lLight transmitted through acidified liquids with precipitated rub-
ber or resins in suspension is not stable; the time required after pre-
cipitation of rubber or resins to reach a comparatively stable period
for transmitted light and the duration of this period vary inversely
with the concentration of the rubber or resins suspended in the liquids.
For scattered light on the photofluorometer the direction of change
is the reverse of that indicated for transmitted light. It can be readily
seen that if readings are made after the solutions reach this period
of relative stability the error from this source can be reduced to the
minimum. The reading times based on these data for rubbers and
resins are given in table 2.
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Ficure 11.—Effect of wave length on light transmittance after different stand-
ing times for guayule, hevea, and kok-saghyz rubbers precipitated from
methyl isobutyl ketone solutions by acidified ethanol (4 mg. per 25-ml. volume).
(Readings on Coleman double monochromater spectrophotometer with 5-mu
wave band.)
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NiL EFfFect oF RESINS IN SOLUTION

The rubber solvents extract the resins also. It has already been
stated that the resins are soluble in ethanol and therefore are not pre-
cipitated with the rubber (table 3). There is still the question of any
possible effect of extreme differences in concentrations of resins in
solution along with the rubber. The data in table 4 show, on the basis
of colorimeter readings, that the amount of rubber precipitated from
methyl isobutyl ketone solution by 0.5-percent H,SO, in 95-percent
et?anol is not affected by the presence of varying amounts of resins in
solution.
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Ficure 12.—Effect of time of standing on light transmittance for (4) guayule
rubber precipitated from methyl isobutyl ketone solution by acidified ethanol
and (B) guayule resins precipitated from acetonylacetone-cellosolve 3-7 solu-

tion by aciditied H.O.

(Readings at 2-minute intervals on Evelyn photoelectric

colorimeter with 720-my filter and 6-ml. aperture; see also table 2.)
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TaBLE 4.—Relation of amount of rubber precipitated from methyl isobutyl ketone
solutions by 0.5-percent H,SO4 in 95-percent ethanol to amount of resins added,
as indicated by colorimetric readings

[Rubber and resins calculated on basis of amounts in 5-ml. aliquots of extract from 0.2 gm. of tissue in a
25-ml. volume]

Rubber recovered when resins added as indicated
Rubber added (percent)
0 2.5 percent | 5.0 percent | 7.5 percent | 10.0 percent
Percent Percent Percent Percent Percent
0 0 0 0
2.50 2.50 2.53 2.52 2.50
5.00 5.00 5.00 5.00 5.00
7.50 7.50 7.50 7.51 7.49
12.50 12.50 12. 50 12,50 12. 50

EXTRACTION TEMPERATURE AND TIME

Typical experiments to determine the time required to secure maxi-
mum extraction of rubber and resins at 115° C. are summarized in
figure 13; the solvents used—methyl isobutyl ketone for rubber and
acetonylacetone-cellosolve 3—7 for resins extraction—are very eflicient
since under the conditions indicated maximum values were secured
after 30 minutes of extraction. The most eflicient liquid for the bath
(fig. 1) used in extracting rubber or resins is a high-grade cylinder
oil (S. A. E. 20). The sand bath and such liquids as glycerol have
proved unsatisfactory.

RUBBER AND RESINS STANDARDS

According to the National Bureau of Standards *—

There is no generally recognized standard material [for a rubber standard]. The
rubber hydrocarbon in different samples of commercial smoked sheet or pale crepe
from hevea plantations varies from 92 to 94 percent of the total under the most
favorable conditions of preparation.

McPherson (2) has described a procedure for the preparation of
pure hevea (Hevea brasiliensis (H. B. K.) Muell. Arg.) rubber from
crude rubber or latex. In the absence, however, of a generally recog-
nized standard for rubber hydrocarbon [caoutchouc, (C;HUs),] the
standard adopted was that of the relatively pure product secured from
guayule tissue extraction according to the Spence-Caldwell method
(6) or the modified procedure of Holmes and Haasis (p. 2). The
details for constructing the calibration curves are given on page 10.
Standard rubber samples apparently can be stored for a long time
under the conditions described on page 10. The duplicate colorimetric
readings for guayule rubber newly extracted by the modified Spence-
Caldwell method were 69.2 each as compared with 68.9 each for the
sample extracted by the same method but stored 134 years. In each
case colorimeter readings were made on mixtures containing 2 mg. of
rubber in a 25-ml. volume.

The selection of a suitable standard for guayule resins presents some
difficulties. The acetone extract of guayule, estimated on a gravi-
metric basis, for instance, proved to be variable, depending on the type
of tissue sampled or season of sampling, because such fractions as

¥ Communication dated October 22, 1943.
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Fieure 13.—Effect of time of heating 0.2-gm. samples of guayule tissue with
solvent at 115° C. on recovery of rubber and resins: 4, Rubber extracted with
methyl isobutyl ketone; B, resins extracted with acetonylacetone-cellosolve 3-7.

chlorophyll are weighed along with the resins in the acetone extract
but are not estimated by the present photometric method (fig. 9). The
use of a different standard was therefore indicated.
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The resins standard selected is based on a relatively pure source of
resins, the resinous exudate on the stems of guayule plants. Prelimi-
nary experiments with the resinous exudate from different guayule
strains of various ages indicate that there is little variation in this sub-
stance on the basis of colorimeter readings on 2-mg. aliquots of 0.1-
percent solution in a 25-ml. volume (table 5). Experiments have
shown that the air-dried exudate contains 3.8+0.14 percent of volatile
matter. This material is relatively stable in composition and is ap-
parently only slightly hygroscopic as shown in table 5. The resinous
exudate may be prepared in two ways for use as a standard— (1) the
clean exudate is dried for 6 hours at 65° C. at 30 inches of vacuum and
after being ground in a mortar is preserved in an airtight container or
(2) the exudate is dissolved in acetone and filtered. Practically all of
the acetone is then evaporated off over a steam or water bath, and the
residue is dried, ground, and preserved as in the first method. These
two preparations are compared in table 5. The details for storing the
resins standard and constructing the calibration curves are given on
page 12.

TABLE 5.—Comparison of air-dried and vacuum-oven-dried resins cxudates of
' guayule

[Colorimetric readings on Evelyn photoelectric colorimeter with 720-mu (690- to 770-mg) filter and 5-ml.
aperture; precipitant 1 part of 0.5-percent HaSO4 to 5 parts of H20]

Duplicate
colorimeter
Age of readings (based
Strain No. )1’; ts Treatment of resins exudate on 2 mg. of
plan resins exudate
per 25-ml. vol-
ume) !
Years
Various_ - 3-9 | Composited; air-dried.______ 66.2; 66.2
0-- _ 3-9 C(})lmpos;ted; dried at 65° C 30-inch vacuum for 6 66.5; 66.3
ours.
DO 3-9 | Composited; dissolved in acetone; filtered; acetone 66.0; 66.0
evaporated off over steam bath; residue dried at 65°
C. in 30-inch vacuum for 6 hours.
1-2 | Air-dried-___ .. 66.9; 66.7
1-2 d 66.4; 66.4
3-4 65.8; 65.8
3-4 66.0; 66.0
8-9 66.2; 66.0
13-14 66.3; 66.3
13-14 65.8; 66.0

1 The values in the last column indicate that guayule resinous exudate, whether dried in vacuum with 3.8
percent loss of volatile matter or not dried, gives approximately the same colorimeter readings on the basis
of aliquots containing 2 mg. of resins exudate per 25-ml. volume. This indicates that the same mass of vola-
tile matter precipitated gives approximately the same colorimeter readings as the residue. A preliminary
experiment indicates that the volatile matter consists of the ‘‘terpene oil’’ fraction: 15-gm. samples of resinous
exudate gave by steam distillation an average of 0.7 ml. of “terpene oil”” with approximate density of 0.86
and thus represented approximately 4 percent of the original weight. This percentage compares with 3.8
percent lost by drying in vacuum.

23.8:0.14 percent of original weightlost.

The available information on the constituents of the guayule res-
inous exudate and the acetone extract of guayule tissue is summarized
in this paragraph. Walter (¢) and also Haagen-Smit and his cowork-
ers *® reported that 20 percent of the resinous exudate from guayule
stems is parthenyl cinnamate (C.H,CH=CHCO,C,;H,;). Steam dis-

% Communication from A. J. Haagen-Smit and coworkers, California Institute
of Technology, Pasadena. These workers are studying the constituents of the
acetone extract and other constituents of guayule.
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tillation of similar resinous exudate in the writer’s laboratory has
yielded approximately 4 percent of the whole as the “terpene oil” frac-
tion. Haagen-Smit and his coworkers reported that about 2.5 percent
of the acetone extract from guayule branches is parthenyl cinnamate
and 6 percent of the bark (cortex-phloem) extract is parthenyl cin-
namate. These workers further reported that 2.5 percent of the ace-
tone extract from branches is a compound with the empirical formula
C3oH460s 5 1 percent is a compound melting at 271° to 275° C.; and 1.5
percent of the extract from the leaves is a compound melting at 170°
to 171°. Walter (6) reported that 3 to 4 percent of the acetone extract
of leaves and flowering stems of guayule consists of waxlike substances
soluble in organic solvents but insoluble in water and concentrated
H,SO,. The fractions mentioned, on the basis of conservative esti-
mates of amounts actually isolated, accounted for about 8 percent of
the total acetone solubles extracted from the guayule shrub. The other
constituents remain to be identified.

RuBBER AND RESINS CALIBRATION CURVES

Typical calibration curves for rubber and resins based on determina-
tions made according to the procedure outlined on pages 4 to 16 are
shown in figures 5 and 14. The spectrophotometer or colorimeter
readings are plotted on semilogarithmic paper against the rubber con-
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FIcUure 14.—Calibration curve for guayule rubber. (Readings on Coleman double
monochromator spectrophotometer with 750-my filter and 5-my wave band.)
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centrations. From a casual inspection of these curves it would appear
that Beer’s law does not hold. Actual tests indicated that Beer’s law
was applicable only within a narrow range in the upper portion of the
curves. The analytical results on the basis of photometric readings are
therefore calculated by direct reference to calibration curves or from
reference tables of equivalent values based on the calibration curves.

Calibration curves for kok-saghyz and hevea natural rubbers and
Buna S (GR-S; Chem. Gum IV, Goodyear) and butyl (GR-I, Stand-
ard Oil Co., Protoc) synthetic rubbers are shown in figure 15. The
samples of kok-saghyz rubber were furnished by the Division of Rub-

100

20

80

70

60
\ N —KOK-SAGHYZ
\

50 >\‘
HEVEA

40

PHOTOMETRIC READINGS

R
N

100

90

80

70

60

PHOTOMETRIC READINGS

50

40
o

2 3 4
RUBBER IN 25-ML. VOLUME (MG.)

Ficurg 15.—Calibration curves for kok-saghyz, hevea, Buna S, and butyl rubbers.
(Readings on Evelyn photoelectric colorimeter with 720-my filter and 6-ml.
aperture,)



W

32 TECHNICAL BULLETIN 920, U. S. DEPT. OF AGRICULTURE

ber Plant Investigations of this Bureau and were prepared according
to the Spence-Caldwell (§) procedure. Hevea pale crepe was extracted
with acetone before it was used as a standard.

SENSITIVITY OF METHODS

By the procedure outlined on page 4 as low as 0.001 mg., or 1 micro-
gram (gamma), of rubber in a 25-ml. volume can be detected on the
Coleman double monochromator spectrophotometer; similarly, 0.01
mg. of rubber in a 25-ml. volume may be read on the Evelyn photo-
electric colorimeter. These values, on the basis of extraction from 0.2
gm. of tissue, according to the standard procedure, represent 0.0025
and 0.025 percent of rubber, respectively. Although such low values
can be detected, it should be realized that the error in percentage of
the amount determined is relatively high in this very low range. In
actual practice the lower limit, under the conditions of the procedure
as outlined, is set at 0.04 mg. of rubber in a 25-ml. volume, representing
0.1 percent of rubber on the basis of extraction from 0.2 gm. of tissue.

ERROR CONSIDERATIONS

In order to secure the greatest precision in results, it is necessary
to standardize rigidly the procedure as indicated on pages 4 to 16.
If this is done, the experimental error is reduced to a minimum.

The precision of the present method on the basis of pure rubber and
resins solutions can be judged from figure 16, which shows the average
deviation of a single measurement in percentage of the amount of rub-
ber or resins determined. The error percentages are given for 0.04 to
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F1GURE 16.—Average deviation of a single measurement of pure rubber or resins
solution on basis of 0.2 gm. of tissue (percent error) for (4) 0.04 to 0.4 mg.
of rubber, (B) 1 to 10 mg. of rubber, and (C) 1 to 10 mg. of resins. (Readings
on Evelyn photoelectric colorimeter with 720-mp filter and 6-ml. aperture.)
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10 mg. of rubber and 1 to 10 mg. of resins in a 25-ml. volume. For
comparative purposes the results are also calculated on the basis of per-
centage rubber or resins in 0.2 gm. of tissue. As would be expected, the
error increases somewhat for relatively low concentrations of rubber
or resins. The curves in figure 16 show that in the range 0.1 to 1.0 per-
cent of rubber the error ranges from about 1.2 to 0.5 percent; above
this range the error decreases to considerably less than 1 percent of the
amount determined. Similarly, in the case of resins analysis (fig. 16)
the error is considerably less than 1 percent in the range of 1.0 to 25.0
ercent.

P In the case of rubber and resins extracted from tissues or added to
tissue extracts (see tables 6-9), involving more operations, the error
is higher than that indicated in figure 16 for pure rubber and resins
solutions.

CoRRECTION FOR INSOLUBLE RESIDUE

In the procedure outlined on page 4 the insoluble tissue residue after
extraction is left in the flask when the extract is made up to volume.
It is not convenient to recover quantitatively the ketone and cellosolve
extracts of guayule tissue and then make them up to volume, because
such an additional step would be time-consuming. The logical alter-
native is to make the extract and residue up to volume in the original
flask and if necessary to make a correction, when calculating the re-
sults, for the volume displaced by the insoluble residue. In a typical
experiment, consisting of five replications, it was found that at 25° C.
0.2 gm. of rubber plus resin-free tissue (corrected for moisture on basis
of drying at 100° for 8 hours) displaced only a mean volume of
0.08792+0.00066 ml. of methyl isobutyl ketone (technical-grade; sp.
gr. 0.79510.0016 at 25°). Since the amount of tissue extracted 1is
small, the error due to the insoluble residue is small. In routine work
it can be disregarded.

RecovEry or RUBBER AND RESINS AbppEp To EXTRACT OF
GUAYULE TISSUE

Table 6, representing typical results, shows that an average of 100.8
percent of the pure rubber added to the methyl isobutyl ketone extract
of guayule tissue was recovered. This variation from complete recov-
ery is within the experimental error. Similarly, table 6 shows that an
average of 100.2 percent of guayule resins added to the cellosolve ex-
tract of guayule tissue was recovered.

TABLE 6.—Recovery of rubber or resins added to samples of extract from 0.2 gm.
of guayule tissue

Initial Rub- Initial :

Instrument rubber }%%? ber |Added rubber| resin |Resins Iégi:rl_s Added resins
con- | . 44eq | deter- | recovered con- |added | vroql  recovered
tent mined tent
My. | Mg. | Mg. | Mg. | Pct. | Mg. | Mg. | Mg. | My. | Pect.

Coleman monochromator |(20.0 10.0 | 30.1 | 10.1 | 101.0 | 14.85 | 10.0 |'24.90 | 10.05 | 100.5
spectrophotometer with [}20.0 10.0 | 30.2 | 10.2 | 102.0 | 14.85 | 10.0 | 24.90 | 10.05 | 100.5
750-mu wave-length setting |)21.0 10.0 | 30.8 | 9.8 98.0 | 15.2 10.0 | 25.20 | 10.00 | 100.0
and 5-mu wave band_....._. 21.0 10.0 | 31.0 | 10.0 | 100.0 | 15.2 10.0 | 25.25 | 10.05 | 100.5

19.75 | 10.0 | 29.9 | 10.15 | 101.5 | 7.16 5.0 (1225 | 5.09| 101.8

Evelyn photoelectric color- J19.75 | 10.0 | 30.2 | 10.45 | 104.5 | 7.16 5.0 12.13 | 4.97 99. 4

imeter with 720-mp filter... .. 19.0 10.0 | 29.0 | 10.0 | 100.0 | 13.94 | 10.0 | 23.87 | 9.903 99.3
19.0 10.0 | 28.9| 9.9 99.0 [ 13.94 | 10.0 | 23.90 | 9.96 99. 6




34 TECHNICAL BULLETIN 920, U. S. DEPT. OF AGRICULTURE

COMPARISON OF PHOTOMETRIC AND MODIFIED SPENCE-CALDWELL METHODS
oF RUBBER ANALYSIS

Guayule samples were analyzed by the photometric method and by
the modified Spence-Caldwell method. The values in table 7, repre-
sentative of typical results, indicate a satisfactory degree of conform-
ity between the two methods in the range of tissues with more than
0.9 percent of rubber. On the basis of the amounts determined, the
results in this range for the present method average approximately
5 percent higher.

TABLE T.—Comparison of photometric and modified Spence-Caldwell methods of
determining rubber content of guayule

Rubber according . Rubber according .
to— Differ- to— Differ-
ence ence
(based .| (based
Sample class and No. Modi- on Sample class and No. Modi- on
Ph(()tp‘ s fied ph%tg- Ph(ztp- s fied ph({tc_)-
metric | Spence- | metric metric | Spence- | metric
method |Caldwell| method) method [Caldwell| method)
method method
Samples with less Samples with more
than 1 percent of | than 1 percent of
rubber: Percent | Percent | Percent rubber: Perge% Percegé Percent
0.12 0 —100 3 2. -
A { 12 .1 —8 T98A - { 27| 271 =5
.17 11 —35 5.40 5.1 —
BR-5002. ..o oeeaen 7 1 -8 R-8338.- oo oeee- saz| 5.8 -3
.37 .1 —_ 6. 3 -
5220 e .37 22 -4 R-5482-A ... 63| .08 =4
.40 .4 b . . —_
R-17633.....-.-.... { 42 49 +17 D { T8 | T30 =6
.62 . —19 . . —
R-5805...---evco {8 63 +3 U] eeeeeeee { 881 8k —4
.89 .7 —11
R-0895 oo { 194 190 —1

1t Flowers from 3-month-old nursery plants,
VARIATION OF SINGLE DETERMINATIONS FROM THEIR MEAN

Rubber analysis—The precision of the present method when guayule
tissues are analyzed for rubber may be judged from the data presented
in table 8. These data show that the percentage variation of single
determinations from mean values with low standard errors ranges
from less than 1 to 4 percent.

Resins analysis—As indicated on page 27, the results secured by the
present photometric resins method are not strictly comparable with
those of the gravimetric, acetone-extraction method. This made it
necessary to select another calibration standard—the resinous exudate
from guayule shrub—that gives relatively constant photometric read-
ings (table 5). The resins contents of guayule roots, branches, or
leaves usually range from about 3 to 14 percent. The precision of
the present method when guayule tissues are analyzed for resins may
be judged from the data presented in table 9. These data show that
the percentage variation of single determinations from mean values
with low standard errors ranges from about 0.5 to 4 percent.
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TaBLE 8—Variation in replicate rubber analyses of guayule tissue by the

photometric method

Sample No. Rubber1 | Variation Sample No. Rubber ! | Variation
Percent Percent Percent Percent

.14 43,7 5.00 —2.2
.13 —3.7 5.25 —+2.7
.13 —3.7 5.20 +1.8
.14 +3.7 5.00 —2.2
Mean . _________ 2.13540.0029 | .. _______ Mean._.__.________ 5.1140.066 |.___________
.59 —3. 10. 50 —2.4
.63 +2.8 10.75 —0.1
.63 +2.8 10. 90 —+1.3
.60 —2.1 10. 90 +1.3
613 010 | ... 10.76 094 |____________
.98 15.75 —-13
.98 16. 30 —+2.2
.98 16.00 +0.3
.99 15.75 —1.3
L983+£ 003 | ____.__ Mean________._.__ 15.954 131 |
2. 50 —3.8 21. 60 “+2.1
2.70 +3.8 20. 80 -17
2.50 —3.8 21. 60 “+2.1
2.70 +3.8 20. 60 —2.6
2,60 .058 | _________ 21,154 . 263 |ooooo_.__.

I'These values are for samples separately extracted according to the procedure outlined on pages 4 to 16.
3 Second number represents standard error of the mean.

TABLE 9.—Variation in replicate resins analyses of guayule tissue by the

photometric method

Sample No.

Resins !

Variation
from mean

Percent

Percent
+

3 3. 4140.066

8.80

8.85%+ . 054

10. 51k .

14.20
14.10
14.10
14.20

14. 15+ . 029

1 These values are for separately extracted samples according to procedure outlined on pages 4 to 16,
2 Second number represents standard error of the mean,
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RusBER ANALYSIs IN CRUDE-RUBBER PropuUCTS

New rapid photometric methods for the determination of rubber
and resins in guayule tissue have been presented on pages 4 to 16.
A brief summary of a similar rapid method for rubber analysis of
unvulcanized crude rubber products, which is based also on the prin-
ciples detailed there, follows: Duplicate 0.1-gm. samples of the finely
divided material are weighed out. (Scissors can be effectively used
to divide the sample.) The ketone-soluble portions of the samples
are dissolved as indicated for the making of standard rubber solutions
on page 10, but the samples are transferred to 100-ml. volumetric flasks
and made up to volume. The balance of the procedure is that outlined
on pages 4 and 6. The results are expressed on the basis of the original
welght of the crude-rubber product.

SUMMARY

Rapid semimicrophotometric methods for the determination of
rubber and resins in small samples of guayule tissue are described.
They may also be adapted for other rubber- and resins-bearing plants.
The procedure has also been adapted for the determination of rubber
in crude-rubber products and may be adapted for the analysis of
synthetic rubbers.

The methods are based on the following principles: (1) Grinding
the properly dried tissues or cutting the product to the required degree
of fineness to permit quantitative extraction of rubber or resins; (2)
using oxygenated solvents (ketones, acetates, and so forth for rubber;
and acetonylacetone, cellosolve, and so forth for resins) with relatively
high boiling points (115.8° to 230.7° C.), alone or in mixture, that per-
mit the rapid extraction of rubber or resins in 20 to 30 minutes at
relatively high temperatures (115° to 120°); (3) precipitating the
rubber or resins from aliquots of the solutions by means of suitable
precipitants (acidified ethanol for rubber and acidified water for
resins) ; (4) making photometric readings of percentage of light trans-
mittance after rubber or resins precipitation at a wave length that
eliminates the error due to extraneous color (the determination rely-
ing on the development of a uniform turbidity rather than a color for
purposes of analysis) ; (5) securing this uniform turbidity, or required
degree of precision, by making the photometric readings at standing
times (during which the readings are relatively stable) that are based
on the concentrations of rubber or resins precipitated.

The steps in the procedure are as follows: (1) 0.2-gm. samples of
finely ground, or divided, and dried material are extracted with 20 ml.
of the solvent in a constant-temperature oil bath at 115° C., for 30
minutes. (2) After being cooled, the extracts are made up to a 25-ml.
volume, are clarified by centrifuging, and three 5-ml. aliquots of the
clarified extract are transferred to 25-ml. volumetric flasks. (3) For
a trial reading one of these is first made up to volume with the pre-
cipitant; after it has stood for 4 minutes, photometric readings of
percentage of light transmittance on a spectrophotometer at wave
length of 750 mu or on a colorimeter provided with the proper mono-
chromatic filter combination for selecting approximately wave length
750 mp are made. The readings obtained for the 4-minute trial read-
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ings are referred to a table of equivalents previously prepared on the
basis of 4-minute readings for the range of concentrations of rubber
or resins to be encountered, and giving the standing time for rubber
or resins after precipitation before pﬁotometric readings are made.
The remaining duplicate aliquots are then made up to volume and
readings are made at the standing time indicated in the table for the
final readings. (4) The milligrams or percentages of rubber or resins
present are read from a prepared table of equivalents for the photo-
metric readings (based in each case on experimental data and using
as standards pure rubber in rubber analysis and guayule resins exudate
in resins determination).
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